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1 O8aK

fHHO$"k50r>N50KhCFb@^?O/4

9k$-*j!NlDG"j$’NJX$@lX$4}X$

M)N=JI$M9J,nG&fP]H7Fhje2il

F$k [1]%+3@lh}N,nK*$Fbc0GOJ/$

h}P]rlL*J8qdqCJIXHg7$@pJh}

rT&??aKO$fH==O7P7PdjHJj$fH

==r!P9k@1Gb-WG"k [2, 3, 4]%%

fHraNaxKO$50N0-MKm\9kbNH5

0N=$Km\9kbN,"k,$\@8GO$50N0

-MKpE/fH (0-fH) Nrar7&%0-fHr

7C?&fGO$50r0-MN8gG=7$2=-KD

$FjL*W;rT&&f,g.G"k%d3iO$Wm

H?$W50r=90-M8grN(*50-RG-R9

kW;bGkrsF7F$k [5]%Utsumi id#fiO$

’N4}XB3KhCF@?C’N>jMrQ$F0-M

8gr==7F$k [6, 7] ^?$MartinKhk$B]N8

OK=lkfH==r7&&f [8] d$qfiKhk$g

,OJF-9HrxQ7F+0=[7?0-M8grHC

FfHrar\X9&fb"k [4]%

0-fHNraaxO$fH==K*$F/45lkC

’ (2=0-M) ,$?H(k50 (source 50) +i?H

(ilk50 (target 50) XEMgo;il$/m<:

"CW5lk3HKhk$Hb@G-k%c(P$V=N

h&JcWH$&>HNraGVY+$WdV5i5i7

?WH$&C’,$a<85lkNO$source 50V=W

N2=0-MVY+$W,$target 50VcWG/45l

k0-MH7F/m<:"CW5lFra5lk%NK$
source 50N2=0-MGOJ$V77$WO/m<:

"CW5lJ$7$/m<:"CW5lFb}rT=HJ

k%3Nh&K$fHraKHCF0-MN/m<:"C

WOsoKEWG"k%50VG57/&-0-M,/

m<:"CW5lJ1lP$fHraK-FAr?(k%

0-MN/m<:"CW:TNgWxH7F$50r=

90-M8g (Nis-s0)ND_,"k%c(P$#f

iO$’N4}XB3N>jMrQ$F$50VG/m<

:"CW5lk2=0-MNjPrn_F$k,$>jM

,[,PiD/lgNjP:Y,djG"kHRYF$k

[7, 2]%qfi [4] O$sF7?fH-!Pj!NM!K*

$F$W;efH-!PKO.y7F$Fb$MVN>Q

H[k0-M,/m<:"CW5lkdjrs2F$k%

3NdjO$CK$0-M8gr+0=.9klgK2

xHJk%qfiNj!KhkH$"N$~X8r}Dl

N&/N(,$0-M8gN8/N(,[Hh/lW7F

$k3H,0sHJCF$k%3N3HO$5iK$!N

h&KM!G-k%"N$~ (uj) NX8K"k$~l

H>lO$gRNX8KV9D= [9] JNG$"N$~X

8 (AFl&AF0l]>l) KhklN&/X8r$5

0]0-MNX8H_J7FjP9kj!+NOEvH$

(k%l}$3|KhkH$V"N$~KhCFC’E1i

lkuN==O$lsv]*G$+DP]X~*J!=r

}D== [10]WG"j$,:7b5?*C’r=9bNG

OJ$%hCF$&/QYKpE/‘YN_GO2=0-

Mr]Z5l:$0-Mis-s0KD_,88kD=-

,"k%

JeN3H+i$mC?fHrarsr9k?aKO$

/m<:"CW0-MN*rmjr/+9k,W,"k%

7+7J,i$3liNnHrMjGB\9kKO39H

,b/$g,OJ>AB3rB\9k3HO$qG"k%

=3G\@8GO$fHraK*$F/m<:"CW5

l?0-MN,g-=jj!rsF9k%f9O$WWW

rN1;H7$P]50H/m<:"CW0-MKhk=

=8.=Or!Z9k3HKhCF0-MN,g-=jr

T&%,g-=jGO$j?Q?<srxQ7?N1M@

NHHrxQ9k%j?Q?<srxQ7FN1rM@7

h&H9kn_O3l^GKbsp5lF*j$=N-z

-O"kxYN’5lF$k [11, 12, 13] %N1;H7F
WWW rQ$k}3O$MV=GK$(9k-$N1V

e-Hc$,nM8-rw(?N1NhQKO$79-v

GOT=,H=G7??aG"k%

J<$2 GsFj!Np\*M(}rRY$3 GOsF

j!N\YKD$Fb@9k%4 GsFj!NEv-!Z

N?aNB3rT$$=NkLrM!9k%

2 p\*JM(}

\OGO$sFj!Np\*JM(}rRYk%

\@8G$&V57$/m<:"CW0-MWO$source

50N5?-r=92=0-M+i*r5lk%hCF$
source 50KD$FN,g-=jH7FO$*r5l?

0-M,$50N2=0-MG"k+I&+r!Z9lP

h$%source 50H=N2=0-MrQ$lP$V=_?

$KY+$WdVOANh&K;7$WNh&K$fH^



closed up

fHra 0-M ==N8. 8.=O

=Nh&KY+$ {
Y+$ ⇒

Y+$c {
=Nh&Jc

=Nh&K77$ _
77$ ⇒

77$c {

^ 1: /m<:"CW0-MH"N$~HfS==NX8

?Oc(rU#9kfS==,8.G-kO:G"k%J

iP$souce 50H$/m<:"CW0-MrQ$FfS

==r8.7$=NfS==,lLKxQ5lkF$k+

I&+r4YlP$0-MN,g-r=jG-k%3NH

-$fS==r=.9kVANh&JW$VANh&KWH

$C?j?Q?<srX8== (ground) HFV%

target50KD$F0-MN,g-rM(kH$fHr

aK*$F/m<:"CW5lk0-MO$50N2=0

-MG"k,WOJ$%hCF$target 50K*1k0-

MN,g-KD$FO$50N0-MH7F,7F$k+

I&+r=j9lPh$%^?$"N$~ (uj) X8N!

=rM89kH$target50H0-MrHg;F5?*^

?Olsv]*J"N$~==,8.G-kO:G"k%

hCF$target 50H/m<:"CW0-MrQ$F"N

$~==r8.7$=N"N$~==,lLKxQ5lF

$k+I&+r4YlP$0-MN,g-r=jG-k%

,g-=jKO$fS==NlL*JxQu7rD.G

-k@1NVe-r}C?N1;,,WHJk%D:iN

4: [14] KhkH$79-v 1un,N3<Q9+i$X

8==VNh&JWrQ$?fS==, 500H@il$=

N&A>lg1NrfS7?bNO$311 HG"k%3N

lgb$10/,N79-v+i@ilkfS==O 37,000

H"^jK7+JiJ$%X8==VNh&KWKD$F

b1MN4:rTC?H3m$10 /,N79-v+i@

ilkfS==O 20,000 H"^jK1^k3H,o+C

?%3liN3H+i$fS==rQ$F,g-=jrT

&?aKO$79-v 10 /,xYGOT=,G"j$5

iKg,OJN1;,,WG"kH$&k@,@ilk%

X}i [15] KhkH$AK1U9k3HKhCF$
WWW G<?r79-vhjbVe-,b/$+D,n

M8-,c$N1;H7FxQG-k%\@8GO$f

S==H"N$~==H$&1cJ==N_r7&?a$
WWW rN1;rxQ7Fb$ANc<yNFAru1

q$HM(ilk%7?,CF$WWW rg,OG+D$

Ve-Hc,nM8-rsMw(?N1;H7FxQG-

k%3Nh&J}3+i$\@8GO$,g-=jN?a

NN1;H7F WWW rxQ9k%

3 sFj!

sFj!N5Wr^ 2 K$h}cr^ 3 K(9%

^ 2: /m<:"CW0-MN,g-=jj!N5W

,g-=jO$fH-!PkL+iN (1) WGNh@$
(2) fS==8.$(3)"N$~==N8.$(4) ==!w$
(5) ,g-=j$+iJk%

(1)GO$fH-!PkL+i$source50$target50$

/m<:"CW5l?0-MrhjP9%(2)O$souce5

0KD$FN‘nG"k%^:$VX ground γWH$&U

l<‘ (j?Q?<s)rQU7F*/%3NH-$ground

OX8==G"j$Ul<‘N X KO souce 50r, γ K

O/m<:"CW0-MrvFOaFfS==r8.9k%

X8== (ground) H7F$f<N4: [16] KhkVf

HX8B=AW35 o‘N&A$eGRY?fS==r8

.G-kbN 9 o‘
1

KD$FWWW fNQYtr4Y

?H3m$eL 2 HNX8==VNh&KW$VNh&JW

@1G4==NQYN 70%Jerja?%3NkL+i$

\@8GO$QU9kUl<‘H7F$VX Nh&J γW$

VX Nh&K γWNso‘N_rQ$k%

(3)O$target50KD$FN‘nG"k%/m<:"C

W0-M γ H target 50 Y rVγ Y WH$&Q?<sG

Hg;$"N$~==r8.9k%(4) GO$8.7?f

S==$^?O"N$~==r/(jH7F WWW !w

rT&%!wNkL@il?otr$8.==NQYH_

J7Fh@9k%(5) GO,g-=jrT&% ==!wG

@il?QY,gM α JeG"lP$fS==O8.D

=G"j$0-MO,gH=j5lk%QY, α $~G"

lP$fS==O8.T=G"j$0-MOT,gH=j

5lk%3NH-$gMα O$P]HJCF$k0-M,

/m<:"CW0-MH7F,g+]+r=G9k?aN

p‘G"k%α rg-/HkH5?-rEkHJj$.5

/HkHVe-rEkHJk%

^ 3GO$V=$cWH$&50P,h}P]G"j$V=W

, source 50$VcW, target 50G"k%,g-=jN

1
eL+igK$VNh&JW$VNh&KW$V_?$JW$V_?$KW$

VKwFW$VKw?W$VN4H/W$VN4H-W$V8_?W%



50 0-M8g 0-M Cj==8. QY =j
(γ) (X ground γ)

r$#.254 =Nh&KY+$ → {
(X) Y+$#.144 Y+$ ⇒ 106

= 77$#.051 Y+$c → {

.$#.051 (γ Y ) 450
:

⇒ =Nh&Kr$ → {
r$#.169 r$ ⇒ 15

<$#.146 r$c → {
: 30709

c Y+$#.012
(Y ) : =Nh&K77$ → _

77$#.004 77$ ⇒ 1
: 77$c → {

496
fHra (0-M/m<:"CW) /m<:"CW0-MN,g-=j

^ 3: /m<:"CW0-MN,g-=jNBTc

gMO$α = 20 H7FM(k%50PKP9kfHra

axKhCF$0-MVY+$W$Vr$W$V77$W,/

m<:"CW5lF$k%

source 50KD$FO$^:$Ul<‘VX Nh&J
γWeN X KV=W$γ KVY+$WVr$WV77$Wr

,Q7FfS==V=Nh&KY+$W$V=Nh&Kr

$WV=Nh&K77$Wr8.9k%3liNfS==r
WWW !w7$@?!wotO$V=Nh&KY+$W,

106$V=Nh&Kr$W, 15$V=Nh&K77$W, 1 G

"k%=NkL$gMr[(kQY,@il?0-MVY

+$W$Vr$WO,g$V77$WOT,gH=j5lk%

target 50KD$FO$^:$Vγ Y WN Y KV=W$γ

KVY+$W$Vr$W$V77$Wr,Q7FVY+$cW$

Vr$cW$V77$cWH$&"N$~==r8.9k%3

liN"N$~==r WWW !w7$@?!wotO$

VY+$cW, 450$Vr$cW, 30709$V77$cW, 496

G"k%3NkL$4FN0-M,,gH=j5lk%

4 B3H>A

,g-=jj!,$MV=GNeXH.j@k+I&+

r4Yk?aK$,g-=j=Or>A9k%

^:$sF9k0-MN,g-=jK*$F$2=0-

Mrhj9kgM αNG,Mr4Yk?aN=wB3rT

&%N1;H7F$79-v 10/,
2
rQ$F$p\N1

Y<9r=[7?%Y<9i$s (BL) H7F$qfi [4]

NfH-!Pj!rQ$?%,g-=jK*1k WWW

eN/(j!wKO$WWW !w(s8srxQ7?%

B3KQ$k50PH7F$qfi [4] NB3GQ$?

50P 70 HrQ$?%^:$50P 70 HKD$F$BL

KhkfH-!Ph}rT$$/m<:"CW0-Mr@

?%!K$@?/m<:"CW0-MKP7F$sFj!

Khk,g-=jH$MjKhk,g-=jrTC?%3

NH-$,g-=jNgMαr$α = 1, 5, 10, 15, 20, 25, 30

KQ97$7 o‘N=jkLr@?%sF7?,g-=j

2
h|79CD]ROMG 1994 /A2003 /$s 111 |-v (s 1046

|8) rQ$?%

^ 4: ,g-=jNgMNQ=H/m<:"CW0-MN

,g-=jN-=

(J<$,g-=j) NkLH$MjKhk,g-=j (J

<$Mj=j) NkLrfS7$lW(raa?%

B3NkLr^ 4K(9%^KO$>=jkLNlW(

H,g-=jNgM α NX8 (&)$,g-=jkL,M

j=jkLH04KlW7?t (")$4/lW7J+C?

t (~) ,(5lF$k%

>j=jkLNlW(Nd\r+kH$gM α = 15 N

H-K$0.79H$soKb$M,@il?%^?$α ≤ 20

K*$FO$0.65A0.79 H$5MI$lWr+;F*j$

\j!,$-zG"k3Hr(7F$k%l}$α ≥ 25

KJkHlW(O 0.35 $~H^cKc<7?%

5 M!

,g-=jkLHMP=jkLNlW(, α ≥ 25 G^

cKc<9k}3KD$FM!9k%lW(Nc<9~

O$,g-=jkLHMj=jkL,04KlW7?tN

d\HsoK‘w7F*j$α ≥ 25 NroG^cK:/



= 1: /m<:"CW0-MN,g-=jkLNc
50P /m<: ,g-=j Mj=j lW(

"CW0-M (α = 15)

~7$ { {
D&$ { {
+o$$ { {
$$ _ _

MA$=p TWDJ _ _
f<bi9J _ _ 1.000
GQJ _ _
0mF9/J _ _
77$ _ _
D--+J _ _
$$ { _
d9$ _ _
-$ _ _
r/J _ {

R!$4 b$ { _ .500
e$ { _
T+3J _ _
D$ { {
$$ { _

4$ 77$ _ { .250
Wm8’/H TgJ { {

g-$ _ {

7F$k%7+7$4/lW7J+C?tNd\O3lH

j?9k9~r(7F$k%3N3H+i$α ≥ 25 Nr

oGO$aj=jKhCF-zJ0-M,T,gH>A5

l$=NkLlW(,c<7?HM(ilk%

= 1 K$,g-=jkL (α = 15) HMj=jkLNc

r(9%8+i$P]50P$BL KhCF/m<:"C

W5l?0-M$,g-=jkL$Mj=jkL$>=j

kLNlW(r(7F$k%VMA$=eWN50PKP

7FO$V~7$WVD&$WH$&5?*C’r(90-

M,,gH=G5l$VTWDJWV0mF9/JWV77

$WJINls-R*JC’HJj@k0-MOT,gH

=G5lF*j$MVN=GKa$kL,@ilF$k%

l}$Mj=GHlW7J+C?kLN[HsIO$J

<Nh&J1<9G"C?%V@M$MWGO$VN$WH$

&0-M,/m<:"CW5lF*j$Mj=jGO,g

H5lF$k%,g-=jGb$WWW GB]KV@M

Nh&KN$WH-R5lF$k1<9,"kKb++o

i:$h@7?QY, 7 G"k?a$gMKhCFT,g

HJCF7^C?%^?$V^$lWGO$V@$WH$&0

-M,/m<:"CW5lF*j$Mj=jGOT,gG

"k,$,g-=jGO,gHJCF$k%3lO$fS

==V^Nh&K@$WN WWW !wK*$F$VD"Z

N ^Nh&K@$,+iY$,,^,+l7 F$^9#W

d$VP=yrj^Nh&K@$^,~CF$?j$DWN

h&K$U#N[k==NltKblW7F7^$$h@

5lkQY,B]hjg-JMKJk3H,gJ6xG"

kHM(ilk%3liNdjKD$FO$,g-=jN

p‘H7FE*JgMKhCFl5*KhL7F7^&@

K)WN>O,"k%!w5l?8r}l=$rO7$}

lOOrD.9kJINP~,M(ilk%

lW(, 0.5 r<sC?1<9, 4 H"C?,$4F

V4Wr source 50H9k50PG"C?%3lO$D:

iN,O [14] K"kh&K$V4WH$&50=NbN,

fHr8.9k-Ar}D?a$2=0-Mr@(*K(

7?fS==,-R5lK/$?aHM(ilk%

6 *ojK

\@8GO$fHraK*$F/45lkC’H7F$

50VG/m<:"CW5lk0-MN,g-r+0=j

9kj!rsF7?%B3Khk!ZNkL$+0>AG

O$s 80%MVN=Gr7_el<HG-$MV=GNe

XH7FNxQbM8D=G"k3H,o+C?%

#eO$sF7?,g-=jNkLr$0-M8gX?

G9kj!KD$F!$9k=jG"k%

2M8%
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